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© 2-AzetIdinone derivatives.

© 2-Azetizinone derivatives, useful as blood platelet aggregation inhibiting agents, are those of the formula:

0-(CH2 ) n-R2

Co
CO

m
CO

Q.

Rl

in which R' is a halogen atom a Ci-C* alkyl group, a Ci-C* alkoxy group or an alkoxycarbonyl group in

which the alkoxy group is a Ci-C* alkoxy group; R2
is a group of the formula:

-N
R3

R4

(in which R3 and R* are the same or different and each is a hydrogen atom, a Ci-Cs alkenyl group, a
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phenyl group or a benzyl group), a group of the formula:

-N N
\ t

On which R5
is a hydrogen atom, a phenyl group substituted by a halogen atom or a Ct-C* alkoxy group, a

phenyl group, a Ci-C* aikyl group or a pyridyl group), a group of the formula:

(in which R6
is a hydrogen atom, a C1-C4 alkyl group or a benzyl group and R7

is a hydrogen atom or a

Ci-C* alkyl group), a group of the formula:

-N 0

(in which R8 and R9 are the same or different and each is a hydrogen atom or C1-C4 alkyl group), a

pyrrolidinyl group or a tetrahydroazepinyl group; and n is an integer of from 2 to 10; and salts thereof.
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2-AZETIDINONE DERIVATIVES

The present invention relates to 2-azetidinone derivatives having blood platelet aggregation inhibiting

activity. . .

Compounds with an azetidinone skeleton having blood platelet aggregation inhibiting activity are

discribed in Japanese Patent Kokai Nos. 62-87562, 62-87563, 63-225353 and 63-225354.

As a result of various researches, the present inventors have found novel 2-azetidinone denvatives

having stronger blood platelet aggregation inhibiting activity, and have accompleshed the present invention.

An object of the present invention is to provide a 2-azetizinone derivative represented by the formula:

10

H3C N

0-(CH2 )n-R2

75

20

(I)

25

30

35

wherein R 1
is a halogen atom, an alky! group having 1 to 4 carbon atoms, an alkoxy group having 1 to 4

carbon atoms or an alkoxycarbonyl group in which the alkoxy group has 1 to 4 carbon atom, R2 is a group

represented by the formula

(wherein R3 and R* are the same or different and are each a hydrogen atom, an alkyl group having 1 to 4

carbon atoms, an alkenyl group having 3 to 5 carbon atoms, a phenyl group or a benzyl group), a group

represented by the formula

-N N

40

(wherein R5
is a hydrogen atom, a phenyl group substituted by a halogen atom or an alkoxy group having 1

to 4 carbon atoms, a phenyl group, an alkyl group having 1 to 4 carbon atoms or a pyridyl group), a group

represented by the formula

50

(wherein R6
is a hydrogen atom, an alkyl group having 1 to 4 carbon atoms or a benzyl group, and R7

is a

hydrogen atom or an alkyl group having 1 to 4 carbon atoms), a group represented by the formula

3
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8

-N. 0

5 R9

(wherein R8 and R9 are the same or different and each a hydrogen atom or an alkyl group having 1 to 4

carbon atoms), a pyrroiidinyl group or a tetrahydroazepinyl group, and n is an integer of from 2 to 10), and

ro a salt thereof.

DETAILED DESCRIPTION OF THE INVENTION

75 In the present invention, the alkyl group having 1 to 4 carbon atoms refers to a straight or branched

chain alkyl group such as a methyl group, an ethyl group, a propyl group, an isopropyl group and a butyl

group. The alkoxy group having 1 to 4 carbon atoms refers to a straight or branched chain alkoxy group

such as a methoxy group, an ethoxy group, a propoxy group, an isopropoxy group and a butoxy group. The

alkenyl group having 3 to 5 carbon atoms may be an ally! group, a butenyl group, a prenyl group and the

20 like. The halogen atoms may be a fluorine atom, a chlorine atom, a bromine atom or an iodine atom.

The salt means the pharmaceutical^ acceptable salt such as inorganic or organic acid salts (e.g.,

hydrochloride, sulfate, acetate, oxalate, maleate and the like).

Configuration of the iminoalkylidene substituent of the compound of the present invention is E-form, and

configuration due to the asymmetric carbon atom at the 4-position is dl-form.

25 Among the preferred compounds of the present invention are (E)-1-(4-methoxyphenyl)-3-{2-[3-(4-

morpholinyl)propoxyimino]propylidene}-4-phenyl-2-azetidinone and (E)-1-(4-methoxyphenyl)-3- [2- [3-{1-[4-

(2-pyridyl)piperadlnyl]}propoxyimino] propylidene] -4-phenyl-2-azetidinone.

The compounds of the present invention can be prepared, for example, by the following method; a 2-

azetidinone derivative represented by the formula

30

05

40

(id

(wherein R 1
is as defined above) is reacted with a hydroxylamine derivative represented by the formula

H2 N-0-(CH2 )„-R
2

(III)

(wherein R2 and n are as defined above) in an inert solvent in the presence of a catalyst to give a

compound of Formula I.

Examples of the inert solvent used herein are alcohols (e.g., methanol and ethanol), tetrahydrofuran,

chloroform, methylene chloride, benzene, toluene, ethyl acetate, dioxane, xylene and the like. Examples of

the catalyst are inorganic acids (e.g., hydrochloric acid gas and sulfuric acid) and the salts thereof, organic

acids (e.g., p-toluenesuifonic acid, camphorsuifonic acid and acetic acid) and the salts thereof, amines (e.g.,

triethylamine and pyridine) and the salts thereof, and magnesium sulfate. The reaction temperature Is from

0
#

C to the reflux temperature of the solvent, and preferably from room temperature to the reflux

temperature of the solvent.

The compound of Formula II can be prepared, for example, by a process described in Japanese Patent

Kokai 63-225354.

The compound of Formula III can be prepared, for example, by the following method; a compound
represented by the formula

CI-(CH2 )„-R
2 (IV)

4
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(wherein R2 and n are as defined above) is first reacted with N-hydroxylphthalimide in an inert solvent in the

presence of a base to give a compound represented by the formula

N-0-(CH 2 )n-R2 (V)

(wherein R2 and n are as defined above).

Examples of the inert solvent are acetone, N,N-dimethylformamide and dimethyl sulfoxide, and

examples of the base are sodium hydride, sodium amide, sodium hydroxide, potassium hydroxide, sodium

carbonate, triethylamine and diazabicyclo[5,4,0]unde-7-cene. The reaction temperature is from 0 C to the

reflux temperature' of the solvent, and preferably from room temperature to the reflux temperature of the

solvent. t . .

The compound of Formula III are also obtained according to an ordinary manner, for example, by

treating the compound of Formula V with hydrazine in an inert solvent as described above.

Alternatively, the compound of the present invention can be prepared as follows: 2-azetidmone

represented by the formula

OH

(VI)

(wherein R1
is as defined above) is reacted with a compound of Formula IV in an inert solvent in the

presence of a catalyst to give a compound of Formula I.

Examples of the inert solvent used herein are N,N-dimethylformamide, dimethyl sulfoxide,

tetrahydrofuran. Examples of the catalyst are amines (e.g.. triethylamine and diisopropylethylamine), salts

(e.g., sodium carbonate and potassium carbonate) and sodium hydride. The reaction temperature is from

0* C to the reflux temperature of the solvent, and preferably from 0* C to the room temperature.

The compound of Formula VI can be prepared by reacting the compound of Formula II with

hydroxylamine hydrochloride in an inert solvent in the presence of a catalyst.

Examples of the inert solvent used herein are alcohols (e.g., methanol, ethanol and isopropyl alcohol),

tetrahydrofuran, chloroform, benzene and ethyl acetate. Examples of the catalyst are amines (e.g., imidazole

and triethylamine), salts (e.g.. potassium carbonate, sodium carbonate, sodium acetate and magnesium

sulfate). The reaction temperature is from 0' C to the reflux temperature of the solvent, and preferably from

0* C to the room temperature.

The compound of the present invention have an excellent blood platelet aggregation inhibiting activity

with very poor bleeding tendency as a side-effect, and therefore, they are useful as blood platelet

aggregation inhibiting agent. For the purpose, these compounds can be administered orally or parenterally

in a conventional dosage form such as tablets, powders, granules, capsules, solutions, suspensions,

injectional sulutions and the like, each of which can be prepared by conventional pharmaceutical practices.

The dosage used as a blood platelet aggregation inhibiting agent to human depends on the age, weight,

response of patient, admiriistartion route or time of administration, but usually it may be from 0.1 to 3000

mg per day.
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The LDso of the compound of Formula I in mouse is more than 5000 mg/kg.

Experiment [Inhibitory effect on acute thrombocytopenia in mice]

Ten male ICR mice weighing 20 - 30 g were used for each group. Under pentobarbital anaesthesia,

adenosine diphosphate (ADP) dissolved in physiological saline in a dose of 1 mg/kg was injected into the

tail vein and 20 ul of blood was collected from the femoral artery at 30 seconds after injection of ADP.

Immediately after blood sampling, platelet counts were measured with an automatic blood cell counter

(Sysmex CC-180A). Platelet count of normal group without injection of ADP was measured as well.

Test drugs [Compounds 2 and 3 (the compounds of the present invention) and Compound 1 (the

comparative drug) in Table 1] were suspended in 5% gum arabic solution and administered by gavage in a

dose of 300 mg/kg 2 hours prior to injection of ADP. As control group, 5% gum arabic solution without test

drugs was administered.

Inhibition ratio of acute thrombocytopenia was calculated by the following formula.

A - B
Inhibition ratio (%) = — r~ x 100

Note:

A: Platelet count of the group treated with both test drug and ADP
' B: Platelet count of control group with both 5% gum arabic solution and ADP

C: Platelet count of normal group without injection of ADP
Results are shown in Table 1.

Table 1

Test drug Inhibition

Ratio (%)

Compound 1 12.00

Compound 2 54.66

Compound 3 57.61

Note;

Compound 1 : (E)-1-(4-Methoxyphenyl)-3-(2-carboxymethoxyiminopropylidene)-4-phenyl-2-a2etidinone

Compound 2: (E)-1 -(4-Methoxyphenyl)-3-{2-[3-(4-morpholinyl)propoxyimino]propylidene}-4-phenyl-2-

azetidinone

Compound 3: (E)-1-(4-Methoxyphenyl)*3- [2- t 3-{1-[4-(2-pyridyl)piperadinyl]-

}propoxyimino ] -propylidene J -4-phenyl-2-azetidione

The present invention is illustrated by the following Reference Example and Examples in more detail.

Reference Example 1

To a suspension of 1.75 g of sodium hydride in 20 ml of N,N-dimethylformamide was added a mixture

of 11.9 g of N-hydroxyphthalimide and 60 ml of N.N-dimethylformamide, and then the mixture was stirred

for 30 minutes. To the reaction solution was added a mixture of 15 g of 3-chloropropyldibutylamine and 10

6
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mi of N.N-dimethyiformamide, and then the mixture was heated at reflux for 5 hours. After evaporation of

the solvent ethyi acetate was added to the residue, and the mixture was washed with water. Evaporation of

the solvent gave 23.4 g of N-(3-dibutylaminopropoxy)phthalimide, which was then dissolved in 200 ml of

methylene chloride. To the solution was added 20 ml of hydrazine monohydrate, and the mixture was

5 stirred at room temperature for 3 hours. After removal of the insolubles by filtration, the filtrate was

concentrated under reduced pressure and distilled under reduced pressure to give 10.3 g of 0-(3-

dibutylaminopropyl)hydroxylamine.

b.p. 84 - 85* C (0.5 mmHg)

Following a procedure similar to that of Reference Example 1, there were obtained the following

10 compounds.

0-[3-(4-Morpholinyl)propyl]-hydroxylamine.

b.p. 80-82* C (0.4 mmHg)
0-[3-(Butylethylamino)propyl]-hydroxylamine.

b.p. 68 - 70* C (0.1 mmHg)

75 0-[3-(4-Piperidyl)propyl>hydroxylamine.

b.p. 70* C (0.6 mmHg)

Example 1

20

Preparation of (E)-1-phenyl-3-{2-[3-(1-piperidyl)-propoxyimino]propylidene}-4-phenyl-2-azetidinone

A mixture of 1.11 g of (E)-1-phenyl-3-(2-oxo-propylidene]-4-phenyl-2-azetidinone, 0.63 g of 0-[3-(1-

25 piperidyl)propyl]-hydroxylamine, 46.5 mg of 1 0-camphorsulfonic acid and 40 ml of benzene was heated at

reflux for 8 hours, and the solvent was evaporated under reduced pressure. The residue was chromatog-

raphed on alumina [eluent; hexane-acetone (7:3)] to give the fractions containing the end compound, and

the solvent was evaporated. The residue was recrystallized from hexane to give 0.6 g of the title compound,

m.p. 120 - 122* C.

30 Following a procedure similar to that of Example 1, there were obtained the following compounds.

(E)-1-(4-Ruorophenyl)-3-{2-[3-(1-piperidyl)propoxyimino]propylidene}-4-phenyl-2-azetidinone

m.p. 118 - 120* C
(E)-1-(2-Methylphenyl)-3-{2-[3-(1-pip^ oxalate

1H - NMR (CDCfe) 5 (ppm);

35 1.44 -1.75 (2H, m), 1.68 (3H, s), 1.80 -2.22 (6H, m), 2.36 (3H, s), 2.70 -3.40 (6H, m), 4.08 (2H, t), 5.75 (1H,

d), 6.71 (1H, d), 6.98 -7.20 (4H, m), 7.20 - 7.45 (5H, m), 8.00 (2H, brs)

(E)-1-Phenyl-3-[2-(3-dibutylaminopropoxyimino)propylidene]-4-phenyl-2-azetidinone

m.p. 59 - 61* C
(E)-1-(4-Fluorophenyl)-3-[2-(3-dibutylamino)propylidene]-4-phenyl-2-azetidinone

40 m.p. 62 - 64* C
(E)-1-(2-Methylphenyl)-3-[2-(3-dibuty!am^ oxalate

m.p. 69 - 71 * C
(E)-1-Phenyl-3-{2-[3-(4-morpholinyl)propoxyimino]propylidene}-4-phenyl-2-azetidinone

m.p. 87-89* C
45 (E)-1-(4-Ruorophenyl)-3-{2-[3-(4-mo

m.p. 121 - 123* C
(E)-1-(2-Methylphenyl)-3-£2-[3-(4-morpholinyl)-propoxyimino]propylidene}-4-phenyl-2-azetidinone

m.p. 102- 104* C
(E)-1-Phenyl-3-[2-(3-butylethylaminopropoxyimino)propylidene]4-phenyl-2-azetidinone

so m.p. 76 - 79* C
(E)-1-(4-Fluorophenyl)-3-[2-(3-butylethylaminopropoxyimino)propylidene]-4-phenyl-2-azet^

m.p. 76 - 79* C
(E>-1-(2-Methylphenyl)-3-[2-(3-butylethylaminopropoxyimino)propylidene]-4-phenyl-2-azeti oxalate

<H - NMR (CDCI3) 5 (ppm);

55 0.93 (3H, t), 1.13 - 1.50 (5H, m), 1.50 -1.80 (2H, m), 1.68 (3H, s), 1.92 - 2.20 (2H f m) f 2.35 (3H, s), 2.90 -

3.30 (6H, m), 4.11 (2H, t), 5.77 (1H, d), 6.72 (1H, d), 7.00 - 7.23 (4H, m), 7.23 - 7.50 (5H, m), 8.95 (2H, brs)

(E)-1-(4-Methoxyphenyi)-3-{2-[3-(4-morpholinyl)propoxyimino]propylidene}-4-phenyl-2-azeti

(Compound 2)

7
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m.p. 106- 108*0

(E)-l-(4-Methoxyphenyl)-3-{2-[3-(1-piper^

m.p. 121 - 123* C
(E)-1-(4-Methoxyphenyl)'-3-[2-(3-dibutylam^

m.p. 75 - 77 *0

(E)-1-(4-Methoxyphenyl)-3-[2-(3^^

m.p. 79 - 81* C
(E)-1-(4-Methoxycarbonylphenyl)-3-{2-[3-(4-morpholjnyl)propoxyimjno]propyliden

m.p. 169 - 170.5* C
_(4-Methoxycarbonylphenyl^

m.p. 97- 100* C
(E)-1-(4-Methoxycarbonylphenyl)-3-{2-[3-(1w

m.p. 167- 170* C
(E)-1 -(4-Methoxycarbonylphenyl)-3-[2-(3-butylethylaminopropoxyimino)propylidene]-4-phenyl-2-azetidinone

m.p. 95-97*C

Example 2

Preparation of (E)-1-(4-methoxyphenyi)-3- [2- I 3-{1-[4-(2-pyridyl)piperadinyl]-

}propoxyimino J propylidene J -4-phenyl-2-azetidinone (Compound 3)

(1) To a suspension of 9.2 g of (E)-1-(4- methoxyphenyl)-3-(2-oxopropylidene)-4-phenyl-2-a2etidinone in

200 ml of isopropyl alcohol were added 3.1 g of hydroxylamine hydrochloride and 3.1 g of imidazole, and

then the mixture was stirred at room temperature overnight The resulting precipitate was collected by

filtration, and recrystallized from isopropyl alcohol to give 8.8 g of (E)-1-(4-methoxyphenyl)-3-(2-hydrox-

yiminopropylidene)-4-phenyl-2-azetidinone.

m.p. 204.5 - 206* C
(2) To a suspension of 0.4 g of sodium hydride in 20 ml of N,N-dimethylformamide was added a

mixture of 3.2 g of the compound obtained in the item (1) and 30 ml of N,N-dimethyiformamide, and then

the mixture was stirred for 5 minutes. To the reaction mixture was added a mixture of 2.4 g of 1-(3-

chioropropyl)-4~(2-pyridyl)-piperadine and 20 ml of N,N-dimethylformamide, and the mixture was stirred at

room temperature overnight. To the reaction solution was added 200 ml of ethyl acetate, and the mixture

was washed 3 times with 200 ml of a saturated aqueous sodium chloride solution. After evaporation of the

solvent, the residue was recrystallized from a mixture of dichloromethane and hexane to give 2.6 g of the

title compound.

m.p. 153 - 154.5*C

Following a procedure similar to that of Example 2, there were obtained the following compounds.

(E)-1-(4-Methoxyphenyl)-3- [ 2-{3-[4-(3,5- dimethylmorpholinyl)]propoxyimino}propylidene ] -4-phenyl-2

azetidinone

m.p. 108- 110'

C

(E)-1-(4-Methoxyphenyl)-3- [ 2-{3-[1-(4-benzylpiperidyl)]propoxyimino}propyltdene ] -4-phenyl-2-

azetidinone

m.p. 94.5 - 96.5 * C
(E)-1-(4-Methoxyphenyl)-3-[2-(3-ben

m.p. 81 - 83 *C
(E)-1-(4-Methoxyphenyl)-3-[2-(3-diisobutylaminopropoxyimino)propylideneH-phenyl-2-azetidino

m.p. 100 - 102* C
(E)-1-(4-Methoxyphenyl)-3-[2-(3-diallylaminopropoxyimino)propylidene]-4-phenyi-2-azetidino

m.p. 87 - 89* C
(E)-1 -(4-Methoxyphenyl)-3- I 2-{3-{1-(3,5-dimethyipiperidyl)]propoxyimino}propylidene ] -4-phenyl-2-

azetidinone

m.p. 114.5-116.5*0

(E)-1-(4-Methoxyphenyl-3-{2-[3-(1-pyrrolidinyl)propoxyimino]propylidene}-4-phenyl-2-azetidinone

m.p. 110- 112*C
(E)-1-(4-Methoxyphenyl)-3-{2-[3-(1-tetrahydroazepinyl)propoxyimino]propylidene}-4-phen

m.p. 110- 112* C

8
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(E)-1-(4-Methoxyphenyl)-3-[2-(3-diethyl aminopropoxyimino)propyiideneH-phenyl-2-azetidinono

m.p. 90-92*C
(E)-l-(4-Methoxyphenyl)-3-[2-(3-b8nzylmethylaminopropO)cyimino)prop^

m.p. 60 - 63* C

5 (E)-1-(4-Methoxyphenyl)-3- t
2-{3-[1-(4-methylpiperadinyl)]propoxyimino}propylidene J -4-phenyi-2-

azetidinone

m.p. 96-98* C
(E)-l-(4-Methoxypheny^

m.p. 122- 124* C
70 (E)-1-(4-Methoxyphenyl)-3-{2-[2-(4-morpholinyl)ethoxyimino)propy!!dene]^

m.p. 96 - 98* C
(EH-(4-Methoxyphenyl)-3-{2-[2-(1-pyr^

m.p. 103- 105* C
(E)-l-(4-Methoxyphenyl)-3- I 2- I 3-{1-[4-(2-methoxyphenyl)piperadinyl]-

15 }propoxyimino J propylidene J -4-phenyl-2-azetidinone

m.p. 126- 128* C
t

(E)-1-(4-Methoxyphenyl)-3- [ 2- I
3-{1-[4-(4-fIuorophenyl)piperadinyl]}propoxyimino J propylidene J

-4-

phenyl-2-azetidinone

m.p. 107- 109* C
20 (E)-1-(4-Methoxyphenyl)-3-[2-(2-benzylmethyl aminoethoxyimino)propylidene]-4-phenyl-2-azetidinone

m.p. 93 -95* C
(E)-1-(4-Methoxyphenyl)-3-{2-[6-(4-mo

m.p. 86 -88*C
(E).1-(4-Methoxyphenyl-3-{2-[6-(1-pyrrolidinyl)hexyloxyimino]propylidene}-4-phen

25 m.p. 99 -101* C
(E)-1-(4-Methoxyphenyl)-3-[2-(6-benzylmethy^

m.p. 73 - 75* C
(E)-1-(4-Methoxyphenyl)-3-{2-(6-butylethylaminohexyloxyimino)propylideneH-ph

m.p. 73 - 75* C

30

Claims

1. 2-Azetidinone derivatives of the formula:

35

40

45

in which R 1
is a halogen atom, a Ci-CU alkyl group, a Ci-C* alkoxy group or an alkoxycarbonyl group in

50 which the alkoxy group is a Ci-C* alkoxy group; R2
is a group of the formula:

(In which R3 and R4 are the same or different and each is a hydrogen atom, a C1-C5 alkenyl group, a

phenyl group or a benzyl group), a group of the formula:

9
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-N N
V t

(in which R5
is a hydrogen atom, a phenyl group substituted by a halogen atom or a C1-C4. alkoxy group, a

phenyl group, a Ci-C* alkyl group or a pyridyl group), a group of the formula:

-cf
R7

(In which R$
Is a hydrogen atom, a C1-C4 alkyl group or a benzyl group, and R7

is a hydrogen atom or a

C1-C4 alkyl group), a group of the formula:

20

(in which R8 and R9 are the same or different and each is a hydrogen atom or C1-C4 alkyl group), a

pyrrolidinyl group or a tetrahydroazepinyl group; and n is an integer of from 2 to 10; and salts thereof.

2. (E)-1-(4-methoxyphenyl)-3{2-[3-(^

3. (E)-1-(4-methoxyphenyl)-3-]2-[3-{1-[4-(2-pyridyl)piperadinyl}propoxyimino]propyliden

azetidinone.

4. A pharmaceutical composition comprising an azetidinone derivative as claimed in claim 1 in

association with a pharmaceutical carrier or diluent.

40

45

so

55

10
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© 2-Azetizinone derivatives, useful as blood plate-

let aggregation inhibiting agents, are those of the

formula:

O in which R 1
is a halogen atom a C1-C4 alky I group, a

Q_ C1-C4 alkoxy group or an alkoxycarbonyl group in

LU which the alkoxy group is a C1-C4. alkoxy group; R2

is a group of the formula:

-N
R3

R4

(in which R3 and R* are the same or different and

each is a hydrogen atom, a C1-C5 alkenyl group, a

phenyl group or a benzyl group), a group of the

formula:

r->*'-
-N N

(in which R5
is a hydrogen atom, a phenyl group

substituted by a halogen atom or a C1-C4 alkoxy

group, a phenyl group, a C1-C4 alkyl group or a

pyridyl group), a group of the formula:
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(in which R6
is a hydrogen atom, a Ci-C* alkyl

group or a benzyl group and R7
is a hydrogen atom

or a C1-C4 alkyl group), a group of the formula:

-N O

R9

(in which R8 and R9 are the same or different and

each is a hydrogen atom or Ci-C* alkyl group), a

pyrrolidinyl group or a tetrahydroazepinyl group; and

n is an integer of from 2 to 10; and salts thereof.
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